1. Introduction
===============

Extranodal natural killer/T cell lymphoma (NKTCL) is a rare and aggressive subtype of lymphoid malignancy with poor prognosis according to the 2016 World Health Organization classification of lymphoma,^\[[@R1]\]^ which is associated with Epstein-Barr virus (EBV) infection closely.^\[[@R2]\]^ The incidence rate of NKTCL showed certain geographic variation, which is lower in North America and Europe than that in East Asia and Latin America.^\[[@R3]\]^ NKTCL accounts for 12% to 17% of non-Hodgkin lymphoma, and 47% to 50% of peripheral T cell lymphoma in China.^\[[@R4]\]^ About two-thirds of patients newly diagnosed with NKTCL initially have stage I or II localized in the nasal cavity and its adjacent site such as oropharynx, Waldeyer ring, and so on.^\[[@R5]\]^

However, the optimal treatment strategy for newly diagnosed early stage NKTCL remains controversial. It is a lack of randomized controlled prospective trials to establish the standard treatment because of the low incidence rate. Accumulating evidence confirmed that radiotherapy (RT) is a vital treatment option for untreated localized NKTCL.^\[[@R6]\]^ However, RT alone is not sufficient for patients with NKTCL because local relapse and systemic failures often occurred in those patients who only receive RT even when the disease in the early stage.^\[[@R7],[@R8]\]^ So, systemic chemotherapy is necessary to reduce treatment failure in patients with early-stage NKTCL. Concurrent chemoradiotherapy (CCRT) has been confirmed to improve local disease control and reduce systemic failure, which has been reported by some clinical trials for NKTCL.^\[[@R9]\]^ Many clinical trials have reported the efficacy and safety of different treatment sequences including chemotherapy followed by RT,^\[[@R10]\]^ CCRT followed by chemotherapy,^\[[@R11],[@R12]\]^ RT followed by chemotherapy,^\[[@R13]\]^ sandwich therapy,^\[[@R14],[@R15]\]^ and so on. Based on these reported results, CCRT, sequential chemoradiotherapy, sandwich therapy, and clinical trial were recommended for patients with early-stage NKTCL who are fit for chemotherapy according to the National Comprehensive Cancer Network (NCCN) guideline in 2019.

The optimal chemotherapy regimen of NKTCL remains unclear. The response of anthracycline-based chemotherapies, which are the most common chemotherapy regimens in the treatment of lymphoma, is poorer in NKTCL than that in B-cell lymphomas.^\[[@R10],[@R16]\]^ The resistance to anthracycline-based regimens of NKTCL may be related to the highly expressed P-glycoprotein (P-gp) in tumor cells.^\[[@R17]\]^[l]{.smallcaps}-asparaginase ([l]{.smallcaps}-Asp)-based chemotherapy regimens have been proved to be more effective than anthracycline-based chemotherapy in NKTCL.^\[[@R10],[@R18]\]^ However, the high incidence of serious hypersensitivity reaction of L-Asp limited the clinical application in the treatment of NKTCL.^\[[@R19]\]^ Pegaspargase (PEG-Asp) is a modified form of native *E coli* asparaginase in which the enzyme is covalently linked to polyethylene glycol, which preserves nearly 50% of the initial activity and decreases the immunogenicity of [l]{.smallcaps}-Asp greatly, thus reducing the incidence rate of hypersensitivity reaction significantly.^\[[@R20],[@R21]\]^

GP (gemcitabine, cisplatin) as a combined chemotherapy regimen has been used to treat solid tumors widely for many years such as lung cancer. GDP (gemcitabine, dexamethasone, and cisplatin) was confirmed to be effective in lymphoma, particularly in relapsed and refractory lymphoma. In our previous study, P-GDP (PEG-Asp, gemcitabine, dexamethasone, and cisplatin) had shown high efficacy and well tolerance in newly diagnosed NKTCL.^\[[@R22]\]^

Therefore, we designed a novel treatment strategy that patients with early-stage NKTCL received upfront CCRT with weekly administration of cisplatin and followed by systemic chemotherapy with P-GDP regimen. We evaluated the short-term and long-term efficacy and toxicities of this treatment strategy to explore a more effective and better-tolerated treatment strategy for newly diagnosed localized nasal NKTCL at a single institution.

2. Patients and methods
=======================

2.1. Patients
-------------

All 30 enrolled patients were newly diagnosed with extranodal nasal type NKTCL based on the histologic features and immunophenotypes by pathologists were classified to stage I or II according to Ann Arbor staging system and were treated in the Cancer Center, Union Hospital, Tongji Medical College, Huazhong University of Science, and Technology from January 2013 to December 2016. All participants provided written informed consent before any related treatment began, and this study protocol was approved by the institute review board of Tongji Medical College, Huazhong University of Science and Technology.

All enrolled patients were required to be more than 18 years old and less than 75 years old, to have at least one evaluable lesion, to have the Eastern Cooperative Oncology Group (ECOG) performance score of 0 to 2, and to have expected survival time \>12 weeks. Besides, all patients had an adequate hematologic function, hepatic function, renal function, and normal coagulation function as described elsewhere.^\[[@R23]\]^

Patients were ineligible if they had known hypersensitivity to any component of the treatment regimen. The patients should be excluded if non-nasal sites were involved by NKTCL, such as the central nervous system or gastrointestinal tract even if the lesion was localized.

2.2. Treatment protocol
-----------------------

The treatment scheme comprised CCRT with 5 courses of cisplatin (DDP, 25 mg/m^2^, intravenous, weekly) followed by 3 cycles of P-GDP chemotherapies 3 weeks after the completion of CCRT, which was shown in Figure [1](#F1){ref-type="fig"}. All patients received intensity-modulated radiation therapy (IMRT) by using 6MV photons which are generated from a linear accelerator. The radiation volume was defined according to guideline described by Yahalom et al.^\[[@R24]\]^ The prescription dose to the gross lesions was 56 Gy, and to the high risk and low risk of clinical target volume was 54 Gy and 50.4 Gy, respectively, in 27 fractions in 6 weeks. Three weeks after the completion of CCRT, all participants received P-GDP chemotherapy every 3 weeks for up to 3 cycles. The P-GDP regimen was administrated as follows: pegaspargase 2500 IU/m^2^ (capped at 3750 IU), intramuscular on day 4, gemcitabine 850 mg/m^2^ intravenous on days 1 and 8; dexamethasone 40 mg/day intravenous on days 1 to 4; and cisplatin 20 mg/m^2^ intravenous on days 1 to 3.

![Treatment protocol: All enrolled patients received upfront CCRT with cisplatin weekly for 5 weeks, and followed by 3 cycles of P-GDP regimen consolidation chemotherapy 3 weeks after the completion of CCRT. CCRT = concurrent chemoradiotherapy, P-GDP = pegaspargase, gemcitabine, cisplatin, dexamethasone](medi-99-e21705-g001){#F1}

When patients suffered grade 2 to 4 hematologic toxicities, granulocyte colony-stimulating factor (G-CSF) or thrombopoietin would be used as indicated, and the chemotherapy would be delayed until the toxicity resolved to grade 0 to 1. When the creatinine clearance was \<40 mL/min, any chemotherapies should be delayed and was restarted until the creatinine clearance recovered to \>40 mL/min. The patients should be withdrawn from the study if the delay in administering the following chemotherapy cycle exceeded 2 weeks.

2.3. Evaluation
---------------

Before enrollment all patients should complete the baseline evaluation during 14 days including endoscopic examination of the nasal and the oral cavities by otorhinolaryngologists, computed tomography (CT) scan, or magnetic resonance imaging (MRI) of the nasopharynx and cervical region, CT scan from the chest to the pelvis, or positron emission tomography-computed tomography (PET-CT) scan including the whole body, and the bone marrow biopsy. Other examinations included taking a medical history, physical examination, the complete blood count, serum biochemistry, and the coagulation function. Besides, EBV DNA in peripheral blood also was checked to determine the EBV viral load by Quantitative polymerase chain reaction. All these examinations were performed at baseline, after completion of CCRT, during the period of receiving consolidation chemotherapy, and they were repeated every 3 months after the completion of all treatment to identify disease progression.

We assessed the treatment response according to the WHO criteria. The treatment response rate was the primary endpoint including CR and PR. The secondary endpoints were survival time including the OS, PFS, AEs. OS was defined as the time from the date of enrollment to the date of death because of any cause or last follow-up. PFS was defined as the time from the date of enrollment to the date of confirmed disease progression. The AEs were evaluated according to the National Cancer Institute Common Terminology Criteria of Adverse Events, version 3.0.

2.4. Statistical analysis
-------------------------

We calculated the sample size of this study with reference to Kim et al\'s study^\[[@R25]\]^ according to Simon\'s optimal 2-stage design based on the CR rates of the localized NKTCL after radiotherapy. We assumed a target and a lower activity level of 0.90 (p1) and 0.70 (p0), respectively. A minimum of 27 patients was necessary in total. This design provided a probability of 0.05 of accepting a treatment worse than p0 and a probability of 0.20 for rejecting a treatment better than p1. If we assumed that the dropout rate is 10%, a total of 30 patients was needed. The calculating of PFS and OS by using the Kaplan-Meier method. Survival curves were observed by using the log-rank test. Cox regression analysis was used for multivariate analysis of factors related to survival time. All tests were 2-sided and a *P* value of \<0.05 was considered significant.

3. Results
==========

3.1. Characteristics of patients
--------------------------------

A total of 30 patients were enrolled in this prospective phase II study from January 2013 to December 2016. The characteristics of all patients were summarized in Table [1](#T1){ref-type="table"}. The median age was 38.5 years (range 19--71 years), and the male to female ratio was 1.7:1. Eighteen patients (60%) were in stage I. Twelve patients (40%) were in stage II. B symptoms were present in 20 patients (66.7%). The increased lactic dehydrogenase (LDH) was observed in 26 patients (86.7%). The load of EBV-DNA increased in 21 patients (70%).

###### 

Clinical characteristics of enrolled patients.
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3.2. Response
-------------

Thirty patients completed CCRT according to the treatment protocol without interruption. 22 (73.3%) patients completed three cycles of chemotherapy, 4 (13.3%) patients had 2 cycles of chemotherapy, 2 (6.7%) patients only received 1 cycle of chemotherapy because of disease progression (PD) during the period of treatment, and 2 (6.7%) patients refused to continue chemotherapy after CCRT. A total of 76 cycles of chemotherapy were administrated. All patients were assessable for response. The response rate was shown in Figure [2](#F2){ref-type="fig"}. Twenty-two (73.3%) patients achieved CR and 8 (26.7%) had a partial response (PR) after CCRT, 28 patients achieved CR at the end of the treatment, with 2 PD combined with LAHS during receiving consolidation chemotherapy. At the end of therapy, the overall response rate (ORR) was 93.3%.

![Treatment response and prognosis in patients: Summary of treatment outcomes and treatment failures. CR = complete response, PR = partial response, PD = progressive disease.](medi-99-e21705-g003){#F2}

3.3. Survival
-------------

All patients were followed up to October 1, 2019, with the median follow-up time of 51.5 months (range, 5--78 months). As shown in Figure [2](#F2){ref-type="fig"}, 5-year OS was 93.3%, and 5-year PFS was 89.4%, respectively. Two (6.7%) patients experienced disease progression combined with LAHS during consolidation chemotherapy and died soon. Up to the end of follow-up, 2 (6.7%) patients died, 27 (90.0%) patients survived without disease progression. During the period of follow-up, 1(3.3%) patient suffered from disease progression in the facial skin which was outside the margin of the radiation field and LAHS with the PFS of 42 months. Anti-programmed death 1 (PD-1) antibody pembrolizumab was administrated and the response was PR. As of the write-up of this manuscript, the patient still alive with an overall survival time of 56 months.

Besides, the value of LDH, the presence of B symptoms, staging, EBV-DNA, the scores of ECOG, the presence of B symptom, and age had not significantly relationship with the survival time in this study.

3.4. Toxicity
-------------

The treatment-related toxicities were shown in Table [2](#T2){ref-type="table"}. The grade 1/2 AEs were frequent during the period of treatment. Radiation-related mucositis was the most common grade 3 nonhematologic toxicity (3/30, 10%) during the period of CCRT. The major AEs to P-GDP chemotherapy included myelosuppression, digestive tract symptoms, liver dysfunction, and coagulation dysfunction. Hematological toxicities of P-GDP chemotherapy were common including anemia, neutropenia, and thrombocytopenia. There was 1 (3.3%) patient with grade 1 pancreatitis and 4 (13.3%) patients with upper extremity deep venous thrombosis during the period of consolidation chemotherapy. All toxicities were tolerable and went away after all treatment. No significant late toxicities were observed during the period of follow-up. No treatment-related deaths happened.
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Treatment-related adverse events.
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4. Discussion
=============

The induction of CR though the first-line treatment is very important, which is associated with the survival time closely in the patients newly diagnosed with localized NKTCL. Radiotherapy has been confirmed to be the most important treatment modality for localized NKTCL since the 1990s.^\[[@R26]\]^ Li et al revealed that the IMRT has better local control and a lower incidence of late xerostomia to three-dimensional conformal radiotherapy (3DCRT) in patients with localized NKTCL by comparing the treatment response, AEs and prognosis of patients treated with IMRT or 3DCRT.^\[[@R27]\]^ It is difficult to define the radiation target volume in NKTCL because of the presence of secondary inflammation in the region of the tumor. Yahalom et al suggested that the delineation of the clinical target volume for lymphoma located in the nasal cavity and the paranasal sinus should be based on the physical examination, nasopharyngeal fiberscope, and imaging findings including CT scan, MRI, and FDG-PET/CT and the extended involved-site RT including the entire involved cavity and adjacent structures were recommended to improve the local control rates in the International Lymphoma Radiation Oncology Group guidelines.^\[[@R24]\]^ Many studies have reported that high-dose RT was related to superior disease local control for nasal type NKTCL.^\[[@R28],[@R29]\]^ Huang et al reported that the 5-year OS and PFS were higher in patients with localized NKTCL receiving the dose of RT ≥54 Gy.^\[[@R30]\]^ Some retrospective studies suggested that a minimum RT dose of 50 Gy must be administered to treat nasal NKTCL. In this study, we contoured the radiation target volume according to the International Lymphoma Radiation Oncology Group guidelines. All enrolled patients received the IMRT with the prescription dose of CTV 54 Gy to improve the local control and reduce the AEs related to radiotherapy. However, some studies reported that RT alone is not enough because of the high incidence rate of systemic failure.^\[[@R31]\]^

Recently, CCRT showed a better response in treating localized nasal type NKTCL compared to RT alone, which improved the local and systemic control. The reported strategies of CCRT in some prospective clinical trials were reviewed in Table [3](#T3){ref-type="table"}, which included RT combined with a two-thirds dose of DeVIC (dexamethasone, etoposide, ifosfamide, carboplatin),^\[[@R23],[@R32]\]^ RT combined with DEP (dexamethasone, etoposide, cisplatin) followed by DVIP,^\[[@R12]\]^ and RT with weekly cisplatin administrated followed by different combined chemotherapy regimens such as VIPD (etoposide, ifosfamide, cisplatin, dexamethasone),^\[[@R25]\]^ MIDLE(methotrexate, ifosfamide, dexamethasone, L-asparaginase, etoposide),^\[[@R33]\]^ VIDL (etoposide, ifosfamide, dexamethasone, L-asparaginase),^\[[@R34]\]^ GDP(gemcitabine, dexamethasone, cisplatin),^\[[@R35]\]^ and so on. The simultaneous initiation of RT and chemotherapy may improve the treatment response and reduce the systemic failure, but combined with the increasing risk of the hematologic and nonhematologic toxicities. Considering the high risk of AEs, we designed the CCRT to combined RT with weekly cisplatin administrated in this study. All patients completed the CCRT with a 73.3% (22/30) CR rate and a 26.8% (8/30) PR rate, and without intolerable AEs. Mucositis related to radiation was the most common grade 3 nonhematologic toxicity (3/30, 10%), and recovered in 2 weeks after completion of the CCRT.

###### 

Prospective phase II trials of CCRT followed by nonanthracycline chemotherapy for newly diagnosed localized NKTCL.
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Chemotherapy is an important component in the treatment of localized extranodal nasal type NKTCL, too. However, in contrast to other types of lymphoma, NKTCL showed intrinsic resistance to anthracyclines-based chemotherapy such as CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) and CHOP-like chemotherapy, which could not provide a survival benefit to the patients with NKTCL.^\[[@R10],[@R16]\]^ Increasing evidence has demonstrated that high expression of multidrug-resistant P-gp in tumor cells plays an important role in the drug-resistance of NKTCL.^\[[@R17]\]^ P-gp is responsible for the intracellular decrease of various cytotoxic drugs, which is an ATP-dependent drug efflux pump and results in tumor multidrug resistance.^\[[@R36]\]^ Some studies have reported that [l]{.smallcaps}-Asp exhibits outstanding antitumor activity to NK cell tumors in vitro and in vivo through a unique antitumor mechanism that is not affected by P-gp. [l]{.smallcaps}-Asp-based chemotherapy regimens, such as SMILE (dexamethasone, methotrexate, ifosfamide, l-asparaginase, etoposide) and AspaMetDex (L-asparaginase, methotrexate, dexamethasone), are effective for early-stage, advanced-stage, and relapsed/refractory NKTCL.^\[[@R18],[@R37],[@R38]\]^ However, the serious hypersensitivity reactions of L-Asp can occur in 32.5% to 75% patients, thus limiting the clinical application of L-Asp-based chemotherapy regimens.^\[[@R19]\]^ Besides, the short plasma half-life of L-Asp causes frequent dosing that is an inconvenience to the patients and the clinicians. Peg-Asp, a form of *Escherichia coli*[l]{.smallcaps}-Asp that is linked to polyethylene glycol, has been confirmed to be effective in NKTCL with less AEs and a longer half-life than that of L-Asp. In a prospective multicenter study, 619 patients with relapsed/refractory aggressive lymphoma were randomly assigned to chemotherapy with GDP or DHAP (dexamethasone, cytarabine, and cisplatin). Similar ORRs, event-free survival, and OS were observed, and GDP regimen was associated with less AEs and preserved quality of life.^\[[@R39]\]^ In another prospective clinical trial, a total of 44 patients diagnosed with refractory or relapsed Hodgkin lymphoma were randomly divided into 2 groups equally. One group was treated with GDP and the other group was treated with ESHAP (etoposide, methyl prednisolone, cisplatin, and cytarabine). The results showed that similar response rates were obtained (59.1% vs 53.5%).^\[[@R40]\]^ In a clinical trial of P-GDP chemotherapy in the treatment of newly diagnosed advanced stage and relapsed/refractory NKTCL, Wang et al reported that the ORR was 83% with 41.5% CR rate. The 2-year PFS rate and the 2-year OS rate were 45.4% and 54.7%, respectively. The P-GDP regimen has been confirmed to be effective both in early-stage and advanced-stage NKTCL in our previous retrospective study.^\[[@R22]\]^ Considering the well effectiveness of Peg-Asp and GDP in the treatment of NKTCL, we determined the P-GDP regimen to be the following consolidation chemotherapy in this prospective study.

In our study, the CR rate was 93.3%, and the ORR was 93.3% at the end of all treatment. The median follow-up time was 51.5 months (range 5--78months). The OS rates at 1, 3, and 5 years were 93.3%, 93.3%, and 93.3%, and the1-, 3-, and 5-year PFS rates of all patients were 93.3%, 93.3%, 89.4%, respectively, which were shown in Figure [3](#F3){ref-type="fig"}. Grade 3/4 neutropenia (43.4%) and grade 3/4 thrombocytopenia (23.3%) during the following consolidation chemotherapy were common. Other commonly grade 1/2 side effects include gastrointestinal disorders such as nausea and vomiting, liver dysfunction, coagulation dysfunction, which all could be well controlled with supportive treatment. There was 1 patient suffering from mild pancreatitis after receiving the first cycle of P-GDP chemotherapy. The application of G-CSF in time is an important support treatment for patients experiencing grade 3/4 neutropenia during and after chemotherapy. Other support treatments such as antiemetic drugs, platelet transfusion, and infection prevention were also important during the treatment. Compared with several previous prospective phase II clinical studies focused on stage I/II NKTCL patients (Table [3](#T3){ref-type="table"}), these results showed the AEs were similar to others. However, the response rate and survival rates of this study were superior to others.

![Survival curves: The OS rates at 1, 3, and 5 years were 93.3%, 93.3%, and 93.3%. The 1-, 3-, and 5-year PFS rates were 93.3%, 93.3%, 89.4%, respectively. OS = overall survival, PFS = progression-free survival.](medi-99-e21705-g006){#F3}

Yang et al reported that the presence of B symptoms and extensive disease (stage I/II with local invasiveness) were associated with poor PFS and extensive disease was related to poor OS significantly in early-stage nasal NKTCL.^\[[@R41]\]^ However, there was no relationship between the value of LDH, the presence of B symptoms, staging, EBV-DNA, the scores of ECOG, the presence of B symptom, and age with PFS and OS in this study. It might be related to the small sample size in our study.

Two patients died during the period of the following consolidation chemotherapy in this study because of disease progression combined with hemophagocytic syndrome. According to Chang\'s retrospective study of 57 patients with LAHS, LAHS may occur at any stage of NKTCL. It may be the initial presentation of NKTCL, as well as a complication during the treatment. The study demonstrated 43 (75.4%) patients diagnosed with LAHS associated with NKTCL, which meant that the most common type of lymphoma related to LAHS was NKTCL.^\[[@R42]\]^ Riviere et al^\[[@R43]\]^ reported that patients with hematologic malignancies-associated hemophagocytic syndrome had a poorer prognosis than other reasons such as infection. The median survival time of patients with LAHS related to NKTCL was 28 days. In the present study, the poor outcomes of LAHS were consistent with the previous reports.

In conclusion, our study demonstrated that CCRT with cisplatin weekly administrated followed by P-GDP chemotherapy had good short-term and long-term outcomes with the tolerable AEs in patients with localized nasal type NKTCL. This strategy may be one of the most recommendable options as the first-line treatment for localized nasal-type NKTCL. A larger number of sample size and a prospective randomized clinical trial will be needed to further evaluate the efficacy and safety of this treatment strategy.

5. Note
=======

The preliminary results of this study were presented at the 13th International Conference on Malignant Lymphoma, Lugano, Switzerland, June 17-20, 2015
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